Pneumococcal neuraminidase, NanA, is a pneumococcal vaccine candidate. Prior culture-confirmed pneumococcal contacts were shown to induce serum anti-NanA antibodies during the first 2 years of life. The antibody concentrations at neither 12 nor 18 months were significantly associated with the risk of subsequent pneumococcal carriage or acute otitis media.
Streptococcus pneumoniae (pneumococcus) causes significant morbidity and mortality worldwide. The two types of pneumococcal vaccines currently available are the 23-valent polysaccharide vaccine and the heptavalent conjugate vaccine. Although generally safe and efficacious, these vaccine formulations possess certain shortcomings, and the search for alternative vaccines and vaccine components continues. One vaccine candidate is NanA, a major pneumococcal neuraminidase produced by all clinical isolates of pneumococcus. NanA is a cell surface-associated enzyme with sialidase activity (5, 17) . By cleaving the terminal sialic acid residues from a wide variety of glycoproteins, glycolipids, and oligosaccharides, NanA has the potential to cause great damage to the host (20, 21, 24) .
The precise role of NanA in pathogenesis has not been established, but it is suggested to play a role in pneumococcal carriage and acute otitis media (AOM). NanA has been hypothesized to enhance pneumococcal colonization by exposing new receptors for adherence (1, 9, 10, 24) , damaging host defense proteins (7) , decreasing the viscosity of mucus (20) , and modifying the cell surfaces of competing bacteria within the nasopharynx (21) . A recent study demonstrated the importance of NanA in the development of both upper and lower respiratory tract infections and sepsis in mice (14) . An increase in the expression and activity of NanA has been demonstrated for transparent pneumococcal colony variants predominating during pneumococcal carriage (3, 7, 27) . Treatment of chinchilla tracheas with neuraminidase in vitro increases pneumococcal adherence (25) , and the disruption of the nanA gene significantly reduces the extent and duration of nasopharyngeal colonization in vivo as well as the survival and persistence of pneumococci in the middle ear (23) . Immunization with purified NanA confers a limited degree of protection in mice against intranasal challenge with virulent pneumococci (11) . In a chinchilla model, immunization with NanA resulted in a significant reduction in nasopharyngeal colonization as well as in the incidence of otitis media with effusion (12) . The exact mechanism of vaccine-induced anti-NanA immunity is not known.
The Finnish Otitis Media (FinOM) Cohort Study (6, 22) gave us the unique possibility of investigating the development of serum anti-NanA antibodies in children during their first 2 years of life in relation to prior culture-confirmed pneumococcal contacts. In addition, we determined whether anti-NanA concentrations at 12 and 18 months were associated with the risk of subsequent pneumococcal carriage or AOM. In short, 329 FinOM Cohort Study children were followed from 2 to 24 months for pneumococcal carriage and AOM by taking bacterial cultures of nasopharyngeal and middle ear fluid samples during scheduled and unscheduled (sick patient) visits to the study clinic. Serum samples for antibody measurements were collected at 6, 12, 18, and 24 months.
We measured the concentrations of anti-NanA immunoglobulin G (IgG) antibodies in serum samples of 50 randomly selected children, from whom samples were taken at 6, 12, 18, and 24 months, and 45 adults by enzyme immunoassay as described previously (19) with minor modifications. Microtiter plates from Greiner (Frickenhausen, Germany) and a dilution buffer of 10% fetal bovine serum (Gibco, BRL, Karlsruhe, Germany) in phosphate-buffered saline were used. To evaluate the association of anti-NanA with subsequent pneumococcal carriage and AOM, we measured the anti-NanA antibodies in serum samples collected at the ages of 12 and 18 months from the total cohort. The samples were available from 287 and 260 a There was a significant difference in the GMC between infants and adults (P Ͻ 0.001, Student's t test).
b There was a significant difference in the GMC between infants and adults (P Ͻ 0.001, Student's t test).
children, respectively. The models for calculations of risks have been described earlier by Rapola et al. (18) .
All sera from the 50 children and 45 adults contained a detectable concentration (Ͼ0.49 g/ml) of anti-NanA IgG antibodies. The geometric mean concentrations (GMC) of antiNanA antibodies increased with age ( Table 1 ). The GMC of the anti-NanA concentration was significantly higher in adults than in children at 6 and 12 months (P Ͻ 0.001), while the GMC of anti-NanA at 24 months was comparable to that in adults. The increase in anti-NanA concentration by age was strongly associated with prior culture-confirmed pneumococcal contacts (Fig. 1) . Those children without confirmed pneumococcal contacts (pnc Ϫ children) had no age-dependent increase in the GMC of anti-NanA, while those with prior pneumococcal contacts (pnc ϩ children) had significantly higher GMCs at all ages (P Ͻ 0.001).
We used a logistic regression model to evaluate the logtransformed anti-NanA concentrations at 12 (n ϭ 287) and 18 (n ϭ 260) months of age as risk factors for subsequent asymptomatic pneumococcal carriage (nasopharyngeal swabs taken at the ages of 18 and 24 months). No indication of a statistically significant association of the anti-NanA concentration and pneumococcal carriage 6 months later was found: the odds ratios for an increase of 1 log unit in anti-NanA concentration at 12 and 18 months were 1.15 (95% confidence interval [CI], 0.93 to 1.42) and 1.24 (95% CI, 0.98 to 1.57), respectively.
We used an extended version of the Cox proportional-hazard model to estimate the risk of subsequent pneumococcal AOM during the age intervals from 12 to 18 and from 18 to 24 months in relation to log-transformed anti-NanA concentrations at the beginning of the age interval. At 12 months, the higher anti-NanA concentrations were not associated with the risk of subsequent pneumococcal AOM (relative risk, 1.01; 95% CI, 0.81 to 1.28). At 18 months, higher anti-NanA concentrations tended to predict a slightly reduced risk of pneumococcal AOM, although the reduction was not statistically significant (relative risk, 0.85; 95% CI, 0.64 to 1.12).
All serum samples tested were positive for anti-NanA already at 6 months of age, which may indicate the cross-reactivity of NanA with the neuraminidases produced by other streptococci (8) . The concentrations of serum anti-NanA were not significantly associated with subsequent pneumococcal carriage or AOM, which is well in line with our previous findings on the antibodies against several pneumococcal virulence proteins: pneumococcal surface adhesin A (PsaA) (18) , pneumococcal BVH proteins (4), and putative pneumococcal proteinase maturation protein A (PpmA) (2) . The concentrations of serum antibodies against NanA and other pneumococcal proteins may be too low for protection against pneumococcal carriage and AOM, while higher concentrations could be reached by vaccination. The effects of immunity to NanA on colonization may also be partially masked if immunity to other pneumococcal antigens has an effect on the risk of pneumococcal carriage and AOM. Similarly with the data from the human colonization study (15) ϩ T cells rather than antibodies function as an effector mechanism at least against pneumococcal colonization (13, 16, 26) .
We conclude that pneumococcal contacts induce the development of serum anti-NanA IgG antibodies in early childhood. A role for human anti-NanA remains to be determined.
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